DCM often contains trace hydrochloric acid. It is therefore advisable to remove trace acid from the solvent before utilizing it in the synthesis of this monomer. Diphenylphosphoric acid (DPP) was ground into a fine powder and dried under high vacuum (50 mTorr) overnight. Catalyst stock solution was prepared using a volumetric flask and dry DPP and DCM in the glove box. Capillaries containing deuterated benzene (C6D6) were prepared from pipettes by flame-sealing one end, adding 100 µL C6D6, and sealing the other end shut with a blow torch. Benzyl, propargyl, and 3-phenyl-1-propanol were purified by simple distillation over calcium hydride (CaH2) prior to use.
(4-vinylphenyl)methanol was generously donated by Tong Wang.
Characterization.
1 H and 13 C nuclear magnetic resonance (NMR) spectra were obtained on either a 400 or 500 MHz Bruker Avance III HD. Chemical shifts were referenced to tetramethylsilane (TMS) at 0.00 ppm for 1 H and 13 C NMR spectra taken in CDCl3 containing 10 % w/v TMS. All spectra taken in other deuterated solvents were referenced to the respective residual protonated solvent signal. For all NMR kinetics experiments the relaxation delay was set to at least 10 seconds.
Thermal gravimetric analysis was performed on a TA Instruments Q500 TGA under the conditions specified. Differential scanning calorimetry (DSC) was carried out using a TA Instruments Q2000
at a scanning rate of 5 °C/min. DSC data analysis was performed using TA Instruments TRIOS software using the second heating curve. Polymer samples were injected into an Agilent 1260
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series chromatograph (THF, 25 °C, 1 mL/min) with three Styragel columns. Molar mass analysis was carried out using size exclusion chromatography with multi-angle laser light scattering (SEC-MALLS) to determine absolute weight average molar mass (Mw) with a dn/dc = 0.044 mL/g and conventional calibration analysis relative to polystyrene standards using THF SEC equipped with an Optilab T-rEX RI detector. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) analysis was carried out on an Applied Biosystems-Sciex 5800 MALDI-TOF/TOF mass spectrometer.
Representative Procedure for the Bulk Polymerization of MDO in Presence of DPP and
Benzyl Alcohol. The bulk polymerizations of MDO in the presence of diphenylphosphoric acid catalyst and benzyl alcohol were carried out in a nitrogen atmosphere glovebox using oven dried glassware and a Teflon stir bar. For a standard polymerization, diphenylphosphoric acid was weighed in a polystyrene weigh boat (typically 3 milligrams), and then transferred into a tared 20 mL scintillation vial. Once the catalyst was added, benzyl alcohol was added into the scintillation vial volumetrically, using a microsyringe. The vial was tared again, and the MDO monomer was added to the vial by mass (typically 1.4 grams). The scintillation vial was then capped and left to stir at room temperature inside of the glove box. During the reaction, aliquots for 1 H NMR spectroscopy and THF SEC analysis were removed from the reaction vessel using glass pipettes, and placed into 1 mL glass vials containing a quenching solution (CH2Cl2 or CDCl3 or THF with NEt3), which were then capped and removed from the glove box. After 40 minutes the scintillation vial was removed from the glovebox and the reaction was quenched in a fume hood. Once the quenching solution was added, the reaction mixture was capped, and left to stir in the fume hood for ten minutes. After ten minutes, the reaction mixture was drawn up into a glass pipette and added dropwise into 150 mL solution containing 135 mL of hexanes and 15 mL of THF to precipitate the polymer. The precipitate was then dissolved into 0.7 mL of CH2Cl2, and precipitated
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two more times, each time into clean solutions of 9:1 hexanes to THF. After three precipitations, the remaining precipitant was quantitatively transferred into a clean, tared scintillation vial, and then dried overnight under high vacuum (50-100 mTorr).
Representative Procedure for End Capping PMDO. PMDO was synthesized using the standard polymerization technique as described and precipitated three times, and dried prior to end capping. Before end capping, the unmodified PMDO was characterized by 1 
M).
In a glove box, MDO was weighed into a dry NMR tube containing a C6D6 capillary.
Alcohol was added at this point via microsyringe (if applicable). Solvent was added using a glass syringe (in the case of solution polymerization of MDO). The NMR tube was sealed with a septum and parafilm and placed in a NMR spectrometer. The C6D6 signal was used to lock and the methyl resonance of the monomer to shim. Once satisfactory shims were obtained the tube was recovered from the instrument and a stock solution of DPP was injected via microsyringe (timer was started at this time) and the tube inverted to assure complete mixing. The tube was then re-inserted into the spectrometer. The sample was briefly shimmed and spectra were collected periodically.
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Tables S1-S6
Note: When we analyzed polymerization mixtures after quenching with a small amount of triethylamine (NEt3) in either tetrahydrofuran (THF) or deuterated chloroform (CDCl3), the apparent conversions were much higher than when following the reaction by no-D 1 H NMR (cf.
Figures S19 (a) and (b) 
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Figure S3.
13 C NMR spectrum of purified PMDO initiated with benzyl alcohol ( 13 C NMR spectrum of purified PMDO initiated with (4-vinylphenyl)methanol ( Table 1 ). As molar masses were significantly higher in the polymerization of MDO via an ACE mechanism than in polymerization of MDO via an AM mechanism only a low concentration of low molar mass cyclic PMDO remained after precipitation. 1 H NMR spectrum of the product obtained from the copolymerization of DOX with Llactide as described.
3 100 mg DOX (1.1 mmol) and 140 mg L-lactide (1 mmol) were placed in a small pressure vessel in the glove box. A 0.006M stock solution of tin(II) 2-ethylhexanoate was prepared in anhydrous toluene of which 0.7 mL were added to dissolve the L-lactide/DOX mixture. To the solution were added 0.5 μL benzyl alcohol (0.0042 mmol) via microsyringe. The pressure vessel was sealed and removed from the glove box and heated in an oil bath at 100 °C for a day. The resultant polymer was precipitated into methanol and dried under vacuum. The observed shifts are in good agreement with those for poly(lactide-co-glycolic acid). 4 Units denoted GA present signals associated with carbon atoms of the glycolic acid units and units denoted LA present signals associated with lactide units in the copolymer. Figure S26 .
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13 C NMR spectrum of the product obtained from the copolymerization of DOX with Llactide. The observed shifts are in good agreement with those for poly(lactide-co-glycolic acid).
5 Units denoted GA present signals associated with carbon atoms of the glycolic acid units and units denoted LA present signals associated with lactide units in the copolymer. 
